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During placement of implantable cardioverter-defibrillators, ventricular arrhyth- 
mias are induced to test the function of the devices. Although cerebral hypoperfusion 
and ischemic electroencephalographic c anges occur in patients while implantable 
cardioverter-defibrillators are being tested, no investigation has assessed neurologic 
outcome in these patients. Nine patients having either implantation or change of an 
implantable cardioverter-defibrillator underwent neurologic examination and neu- 
ropsychometric tests before and after the operation. After induction of general 
anesthesia nd insertion of implantable cardioverter-defibrillator leads (when 
needed), ventricular fibrillation, ventricular flutter, nr ventricular tachycardia, was 
induced by means of programmed electrical stimulation. Implantable cardioverter- 
defibrillator testing continued until satisfactory lead placement was confirmed. The 
intraoperative electroencephalographic recording was analyzed for evidence of 
ischemic change. In all, an electroencephalogram was recorded uring 50 periods of 
circulatory arrest. Mean duration of the arrest periods was 13.6 seconds. By means 
of conventional visual inspection of the raw electroencephalogram, high-amplitude 
rhythmic delta or theta, voltage attenuation, or loss of fast frequency activity was 
observed in 30 of the arrests. By means of an automated technique of electroenl 
cephalographic interpretation based on power spectral analysis, electroencephalo- 
graphic hanges were correctly identified in 26 of the arrests. The incidence of these 
electroencephalographic c anges was dependent on the arrest duration. The mean 
interval from arrest onset to electroencephalographic c ange was 7.5 seconds 
(standard deviation _ 1.8 seconds). In patients with electroencephalographic 
changes during multiple arrests, no downward trend in this interval was detected in 
later arrests and no evidence of persistent ischemic change was observed in 
electroencephalograms recorded after the conclusion of implantable cardioverter- 
defibrillator testing. Postoperative neurologic and neuropsychometric testing was 
completed in eight patients, none of whom exhibited a new neurologic deficit, 
exacerbation of a preexisting neurologic ondition, or significant deterioration i
neuropsychometric performance. We conclude that the brief arrest of cerebral 
circulation induced during insertion f an implantable cardioverter-defibrillator is 
not associated with permanent neurologic injury. (J THORAC CARDIOVASC SURG 
1995;109:565-73) 
David C. Adams, MD, a Eric J. Heyer, MD, PhD, a' b Ronald G. Emerson, MD,  b 
Henry M. Spotnitz, MD, c Ellise Delphin, MD, a Christine Turner, BS, b and 
Mitchell F. Berman, MD, a New York, N.Y. 
I mplantable cardioverter-defibrillators (ICDs) ter- 
minate malignant ventricular tachyarrhythmias 
and are therefore effective in the prevention of 
sudden cardiac death from ventricular tachycardia 
(VT), ventricular flutter (VFL), or ventricular fibril- 
lation (VF). During implantation of ICDs, cerebral 
hypoperfusion occurs when these arrhythmias re 
induced to establish defibrillator lead placement and 
verify their functioning. The clinical significance of 
electroencephalographic (EEG) changes that ac- 
company this hypoperfusion 1-5has yet to be deter- 
mined. Repeated episodes of transient cerebral hy- 
poperfusion are associated with histologic evidence 
of neuronal injury in animals, 6-9 and a cumulative 
EEG effect has been described in patients having 
more than six VF arrests during ICD placement4; 
however, the neurologic sequelae of brief, re- 
peated episodes of normothermic circulatory ar- 
rest in human beings have not been determined. 
In this study, patients undergoing ICD implanta- 
tion were examined for clinical evidence of cere- 
bral dysfunction as determined by neurologic ex- 
amination, a neuropsychometric battery, and the 
EEG. 
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Table I. Patient age, diagnosis, number of  induced circulatory arrests, range and average of  arrest durations, 
arrests showing EEG change, and false positive and negative events 
Mean CA Range CAA CA with 
Patient Age No. of durat ion duration CA with raw processed False 
No. (yr) Sex Dx CA (sec) (sec) EEG change EEG change events 
1 25 F TOF 18 13.8 6.8-25.6 12/18 13/18 4 FN, 1 FP 
2 40 F SAR 6 11.9 5.4-23.2 1/6 3/6 2 FP 
3 40 M CAD 4 9.9 6.0-19.7 1/4 2/4 1 FP 
4* 69 M CAD 1 17.4 17.4 1/1 1/1 
5 65 F CAAD 3 11.7 9.8-14.4 1/3 1/3 
6 44 M CAD 3 11.9 7.6-19.8 2/3 3/3 1 FP 
7 22 M TOF 10 21.2 14.2-31.2 10/10 10/10 
8 51 M TOF 2 10.8 6.4-15.2 1/2 2/2 1 FP 
9 60 F CAD 3 10.3 8.6-13.6 1/3 1/3 
Dx, Diagnosis; TOF, tetralogy ofFallot; SAR, sarcoidosis; CAD, coronary artery disease; CA, circulatory arrest (VF or pulseless VFL); False events, false 
processed EEG interpretations as compared with visual interpretaüon of the raw EEG; FN, false negative; FP, false positive. 
*Patient 4had ICD generator change. 
Patients and methods 
After receiving approval from our institutional review 
board and obtaining written informed consent, we studied 
eight patients who were to undergo implantation of an 
ICD (Cardiac Pacemakers, Inc., St. Paul, Minn.) and one 
patient who was to undergo ICD generator change (Table 
I). Average age of the patients was 47 years (range 22 to 
69 years). Clinical outcome was assessed by comparing 
preoperative with postoperative neurologic examinations 
and neuropsychometric est scores. All examinations were 
performed by a board-certified neurologist (E.J.H.). Eight 
standard neuropsychometric tests were used: Halstead- 
Reitan Trails A and B, 1° finger tapping test, ~1 and 
grooved pegboard ~2 with dominant and nondominant 
hands, Buschke Selective Reminding Test, 13 and a quan- 
titative Mini-Mental Status Test. 14 These tests were se- 
lected for their reliability, ease of administration, patient 
acceptance, and ability to demonstrate general neuropsy- 
chologic abilities, including memory, attention, orienta- 
tion, language, and motor functioning. The neuropsycho- 
metric data were analyzed by group rate and event rate 
comparison methods. Significant deterioration of neuro- 
psychometric function was defined as either a greater than 
one standard deviation (SD) postoperative decrease in 
group performance on a single neuropsychometric est for 
the group rate method or as decreased performance in 
more than two of the eight neuropsychometric scores for 
any individual patient for the event rate method. 15' 16 We 
defined cerebral dysfunction as any new abnormality on the 
neurologic examination, exacerbation of a preexisting 
neurologic deficit, or significant deterioration i  neuro- 
psychometric function at the time of follow-up examina- 
tion. 
For the operation, all patients were premedicated with 
oral diazepam (0.1 to 0.15 mg/kg). Standard monitors 
including the electrocardiogram, pulse oximeter, intraar- 
terial blood pressure catheter, esophageal temperature 
probe, and capnometer were applied. General anesthesia 
was induced with intravenous fentanyl (2 to 5 txg/kg), 
midazolam (0.03 to 0.05 mg/kg), and thiopental (3 to 5 
mg/kg). Intubation was facilitated by either succinylcho- 
line (1.5 mg/kg) or vecuronium (0.1 mg/kg). Anestbesia 
was maintained with a balanced technique consisting of a 
continuous fentanyl infusion (1 to 2/~g/kg per hour) and 
nitrous oxide in oxygen supplemented with isoflurane 
(0.2% to 0.5% exhaled). Intermittent doses of vecuronium 
were given for maintenance of neuromuscular blockade. 
In four patients, vasoactive drugs including either phe- 
nylephrine (patients 2, 4, and 9) or ephedrine (patient 6) 
were administered by intermittent bolus to maintain he- 
modynamic stability. Surgical techniques for ICD instal- 
lation are described in detail elsewhere. 17 In brief, the 
ICD generator was installed or replaced via a left subcos- 
tal incision. In the patients undergoing initial ICD implan- 
tation, the defibrillator lead was placed via a left anterior 
minithoracotomy. In patients undergoing thoracotomy, a 
lumbar epidural catheter was placed before anesthetic 
induction, and during surgical closure a bolus of epidural 
fentanyl (100 to 200/xg) was given to these patients for 
postoperative pain management. All patients were extu- 
bated at the conclusion of the operation. 
Intraoperative ICD testing was performed after ICD 
lead insertion. Ventricular arrhythmias were induced by 
programmed electrical stimulation. Approximately 7 to 8 
seconds after VT, VFL, or VF was induced, a 20-joule 
pulse was given from an external cardioverter-defibrilla- 
tor. If successful, the lower safety limit for defibrillation 
was established by incremental 5-joule decreases in the 
delivered energy level during subsequent arrests. If defi- 
brillation was not successful, an internal "rescue" shock of 
40 joules was administered, followed by 400-joule trans- 
thoracic shocks until baseline cardiac rhythm was 
achieved. The lead configuration was then revised and 
threshold testing again carried out until satisfactory lead 
placement was accomplished. The lower safety threshold 
for defibrillation having been established with the external 
cardioverter-defibrillator, each ICD was programmed and 
tested before surgical closure. Circulatory arrest, defined 
by the absence of a pulsatile arterial waveform, occurred 
in each case of VF or VFL. Episodes of VT, in which a 
pulsatile arterial waveform was present, were excluded 
from analysis, inasmuch as the timing and degree of 
cerebral hypoperfusion could not be easily delineated. 
The duration of arrest was established as the interval 
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Fig. 1. Four channels of EEG and electrocardiogram (EKG) recorded uring pulseless ventricular flutter 
(VFL) at a rate of approximately 360 beats/min, electrocardioversion (ECV), and return of sinus rhythm 
(SR). Vertical lines represent 1-second intervals. Abrupt onset of high-amplitude theta is seen 7 seconds 
after the onset of VFL. Subsequently, there is progressive slowing and, by 13 seconds, voltage attenuation. 
EEG recovery is characterized by low-amplitude slow frequency activity signal with subsequent progressive 
increases in frequency, amplitude, and complexity. 
between the onset of VF or VFL and the time that 
pulsatile arterial blood pressure returned. 
The EEG was recorded throughout he procedure, 
beginning before induction of anesthesia. Scalp electrodes 
were applied according to the International 10-20 System 
by means of an electrode mbedded nylon cap (Electro- 
Cap International, Eaton, Ohio). Electrode impedances 
were maintained at less than 5000 ohres throughout the 
recording. High- and low-pass filters were set at 0.53 Hz 
and 70 Hz, respectively. Nineteen channels of EEG data 
were recorded digitally at 128 samples per second per 
channel and stored on digital media. The arterial blood 
pressure waveform, electrocardiogram, and esophageal 
temperature were also recorded. 
The EEG recorded during the arrests was analyzed 
off-line. A board-certified electroencephalographer 
(R.G.E.) examined the raw recording and determined the 
time at which a major change, defined as any visually 
detectable decrease in fast activity, increase in slow activ- 
ity, or attenuation of voltage, occurred. To detect cumu- 
lative electrophysiologic effect, we compared the interval 
between the arrest onset and the appearance of raw EEG 
change in patients who had EEG changes during multiple 
arrests. This interval was sequentially plotted to detect any 
downward trend during later arrests. In addition, a 
5-minute segment of raw EEG recorded during stable 
anesthesia t least 5 minutes but not more than 15 
minutes after the last arrest was visually compared with a 
5-minute segment of EEG recorded before ICD testing 
for evidence of cerebral ischemia. Fig. i illustrates the raw 
EEG changes observed uring a typical arrest and cardio- 
version. 
Automated techniques for interpreting EEG, such as 
power spectral analysis, have been proposed for intraop- 
erative use because of their relative ease of application, 
simplicity and clarity of display, and lack of need for 
18 19 frequent on-line adjustment. ' A power spectral anal- 
ysis program (Rhythm, Stellate systems, Mõntreal, Que- 
bec, Canada) was used to process 4-second segments 
(epochs) of EEG from two channels recording electrical 
activity generated in the cerebral cortex of the left hemi- 
sphere (Fpl-F3 and C3-P3). This program performs a 
Fourier analysis of digitized EEG to calculate EEG power 
in the four conventionally defined frequency bands, delta 
(0.5 to 3.75 Hz), theta (4.0 to 7.75 Hz), alpha (8.0 to 12.75 
Hz), and beta (13.0 to 20.25 Hz). To emphasize the 
increases in slow activity and decreases in fast activity 
that were likely to occur with cerebral ischemia, we 
calculated the ratio (DT/AB) of power in the low- 
frequency bands (delta and theta) to power in the 
high-frequency bands (alpha and beta) and plotted it as 
a function of time. Examples of the processed EEG 
568 Adams et aL 
The Journal of Thoracic and 
Cardiovascular Surgery 
March 1995 
p 6OO 
O ,~0 
W 
E 4OO 
R 300 
(u~ 
100 
4 8 t2 16 20 24 28 32 36 40 44 48 52 56 60 
350. 
P 300- 
O 250' 
W 200. 
E 
R 150, 
(uVZ) 100, 
50! 
0 I I l I I I I I l I I I I I 
4 8 12 16 20 24 28 32 36 40 44 40 R ~ 60 
t60 ; 
t4o t 
P 
O 12°! 
W 100 
E 80' 
R 60, (uv'-') 
40. 
20' 
%eß 
I I I I I I I I I I I I I I 
8 t2 16 20 24 28 32 36 40 44 48 52 56 60 
T"  
6. 
S, 
4' 
3 
2 
0~ 
ABSOLUTE 
DELTA 
ABSOLUTE 
THETA 
ABSOLUTE 
BETA 
iß  RATIO DT/AB 
I I I I I I I I : : : : : ]E,~~ii 
I---«,r,-~ 8 12 46 20 24 28 32 36 40 44 48 52 56 60 
TIME (sec) 
Fig. 2. EEG power (/xV 2) for the delta, theta, and beta 
frequency bands and the ratio of low frequency to high 
frequency power (DT/AB) plotted versus time for the first 
four arrests in patient 7. Although prominent increases in 
power are seen in the DT/AB, delta, and theta bands, a 
significant decrease in power is shown in the beta band. 
results are illustrated in Fig. 2, which depicts the first 
four arrests in patient 7. 
A modification of Page's cumulative sum (cusum) pro- 
cedure2O. 21 was used to analyze the processed EEG. This 
is a statistical method for detection of the occurrence and 
timing of changes from a preestablished mean in time- 
series data. We defined this baseline mean as the average 
of DT/AB for the two 4-second epochs preceding each 
episode of circulatory arrest. The cusum value is the sum 
of successive differences between this baseline and DT/AB 
for each epoch. When the cusum exceeds a predefined 
critical value, a change is said to have occurred. The time 
of change was designated as the instant when the cusum 
value exceeded 1 for any arrest in which the cusum was 
eventually greater than 5. These criteria for defining the 
presence and timing of processed EEG change were 
selected empirically to limit both false-positive and false- 
negative interpretations, compared with the visually ana- 
lyzed raw EEG. 
Follow-up neurologic and neuropsychometric evalua- 
tions were performed on separate occasions between 
postoperative days 2 and 5. Patients were fully awake and 
had not taken narcotic analgesics for a minimum of 4 
hours before the examination. No patient had had either 
postoperative episodes of hypotension or ICD shocks 
before either follow-up evaluation. 
Results 
Neurologic outcome was assessed in eight of the 
nine patients (patient 2 declined follow-up). Postop- 
eratively, no patient had a new neurologi¢ deficit. 
Neurologi¢ abnormalities were unchanged in the 
two patients (patients 6 and 8) who had preopera- 
tive neurologic deficits (Table II). No significant 
deterioration was found either in the group score for 
any neuropsychometri¢ test according to group rate 
analysis or in any patient's overall postoperative 
neuropsychometric performance according to event 
rate comparisons (Table II). 
Fifty circulatory arrests in nine patients were 
analyzed (see Table I). In 13 arrests occurring in five 
patients (patients 1, 2, 4, 8, and 9), VFL alone or 
alternating with VF was observed. In the remaining 
37 arrests, VF alone was identified. Each patient's 
end tidal carbon dioxide values and esophageal 
temperatures remained stable (range for all patients 
28 to 33 mm Hg and 34.7 ° to 36.1 ° C, respectively) 
during ICD testing. Mean arrest duration was 13.6 
seconds (range 5.4 to 31.2 seconds, SD _+ 6.4 
seconds). 
Alteration of the raw EEG was observed in 30 of 
the 50 circulatory arrests. Overall, the mean interval 
between arrest onset and this change was 7.5 sec- 
onds (SD 4- 1.8 seconds). No significant difference 
was found between this interval for the eight epi- 
sodes of VFL associated with EEG change (7.5 + 
1.9 seconds) and the 22 VF episodes with EEG 
alterations (7.5 _+ 1.8 seconds). The initial raw EEG 
changes were attenuation of fast (alpha and beta) 
frequency activity (60%, 18/30), abrupt onset of 
high-amplitude delta or theta activity (33%, 10/30), 
or voltage attenuation (7%, 2/30), alone or in com- 
bination. No significant difference was noted be- 
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tween the means of the lowest recorded blood 
pressure for arrests that did not demonstrate EEG 
change (36.7 _ 6.2) and those that did show EEG 
change (33.5 mm Hg, SD +_ 5.2 mm Hg). The mean 
duration (8.1 seconds, SD _+ 2.0 seconds) of 20 
arrests without EEG change was significantly 
shorter than the mean duration (17.3 seconds, SD -+ 
5.5 seconds) of 30 arrests with EEG change (p < 
0.01). EEG changes were noted in only 3 of 20 
arrests of less than 10 seconds in length, whereas 27 
of the 30 arrests that were of more than 10 seconds' 
duration showed alteration in the EEG (p < 0.01). 
Furthermore, EEG change was observed in all of 
the 19 arrests lasting more than 15 seconds. 
In the three patients (1, 6, and 7) in whom 
multiple arrests were associated with EEG change, 
no downward trend in the interval between arrest 
onset and alteration of the EEG was apparent. The 
baseline EEGs demonstrated anesthesia-dependent 
patterns, consisting of fast frequency superimposed 
on rhythmic slower frequency activity. Visual com- 
parison of the 5-minute prearrest and postarrest 
EEG segments revealed no abnormal increase in 
slow activity, decrease in fast activity, or voltage 
attenuation that would reflect cerebral ischemia in 
the postarrest recordings. 
The cusum procedure correctly identified EEG 
changes in 26 arrests. It failed to detect change in 
four arrests in which deterioration of the EEG was 
identified by visual analysis, and it detected change 
in the absence of corresponding alteration by visual 
analysis in six cases (see Table I). Thus, compared 
with conventional ssessment of the EEG, interpre- 
tation of the processed EEG by means of the 
DT/AB descriptor and the cusum procedure has 
positive and negative predictive values of 81% and 
78%, respectively, with a sensitivity of 87% and a 
specificity of 70%. Designating the time of change as 
the time at which the cusum value first exceeded 1, 
the cusum procedure identified EEG change at the 
same time or earlier than visual analysis in 15 arrests 
and later in 11 cases. 
An example of a false-positive detection, reflect- 
ing an inherent limitation of power spectral based 
techniques of automated EEG analysis, is illustrated 
in Figs. 3 and 4. In Fig. 3, the raw EEG recording 
from patient 8 during periods of VT and VFL is 
contaminated by artifact resulting from cardiac elec- 
trical activity detected by the scalp electrodes. In 
Fig. 4, two distinct DT/AB peaks corresponding tothe 
respective periods of VT and VFL are seen in the plot 
of the processed EEG as a function of time for the 
Table II. Results of neurologic examination and 
neuropsychornetric tests 
Neurologic NP tests with 
examination >25% decIine 
Patient in postop. 
No. Preop. Postop. performance 
1 Normal Normal None 
3 Normal Normal None 
4 Normal Normal None 
5 Normal Normal TB, RT-ND 
6 R hemi R hemi GPB-DO 
7 Normal Normal None 
8 L-PM L-PM None 
9 Normal Normal None 
R hemi, Right hemiparesis; L-PM, left palmomental reflex; TB, Halstead- 
Reitan Trails B; RT-ND, repetitive tapping of nondominant hand; GPB- 
DO, grooved peg board, dominant hand. 
C3-P3 channel. Although this artifact is detected as a 
significant event by the cusum procedure at 16 seconds 
after the onset of VT, the actual EEG change does not 
occur until nearly 16 seconds later. 
Discussion 
In experimental nimals, neuronal injury may be 
produced by transient cerebral ischemia caused by 
hemorrhagic hypotension, 6 carotid occlusion,  7-9' 22 
and cardiac arrest, z3, 24 Cumulative histopathologic 
changes may result from brief repeated 2- to 
5-minute episodes of cerebral ischemia. 6-9 It has 
been suggested that ICD testing, entailing repeated 
cardiac arrests, might result in cumulative EEG 
changes. 4 We examined the interval between the 
onset of circulatory arrest and the appearance of 
EEG change, hypothesizing that the latter might be 
decreased after repeated arrests. Although the EEG 
recorded during the arrests clearly demonstrated 
time-dependent change, in the three patients who 
had EEG changes during multiple arrests, the num- 
ber of preceding arrests did not appear to affect he 
time to onset of EEG change in subsequent arrests. 
In addition, comparison of prearrest and postarrest 
EEG recordings provided no evidence of deteriora- 
tion in any patient. 
Numerous EEG descriptors have been investi- 
gated to determine their ability to identify intraop- 
erative cerebral ischemia nd predict postoperative 
neurologic outcome. 25 For example, persistent 26
and cumulative 27decreases in the "spectral edge," a 
measure of high-frequency EEG activity, have been 
associated with postoperative neurologic omplica- 
tions after carotid endarterectomy. The EEG 
changes associated with cerebral ischemia during 
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Fig. 3. Four bipolar channels of EEG and electrocardiogram (EKG) recorded uring ventricular tachycardia (VT) at a 
rate of approximately 180 beats/min, electrocardioversion (ECV), ventricular flutter (VFL) at a rate of approximately 360 
beats/min, and return of sinus rhythm (SR) in patient 8. 
iatrogenic erebral hypoperfusion, 28-3° carotid end- 
arterectomy, 26'31'32 and unexpected cardiac ar- 
rest 33-35 have been described. The classic pattern of 
ischemic EEG alterations is characterized by an 
initial decrease in fast frequency activity with a 
subsequent progressive increase in slow wave activ- 
ity eventually leading to isoelectricity. 2s,30 Voltage 
attenuation alone or in combination with EEG 
slowing,l-3, 31, 33 decreased spectral edge,2, 26, 3» 
large-amplitude theta waves, 1decreased elta activ- 
ity, 1 and appearance of a burst suppression EEG 
pattern 36 are also observed. 
The implantation and testing of ICD devices 
provides an opportunity to examine the EEG 
changes associated with global cerebral hypoperfu- 
sion in man. 1-4 The range of arrest duration in our 
study is somewhat less than the 15 to 126 seconds of 
ventricular arrhythmias reported in patients under- 
going postoperative ICD testing 3 and the 8 to 67 
seconds of hypotension reported in other patients 
undergoing intraoperative ICD testing. 5 However, 
the mean interval of 7.5 seconds between the onset 
of arrest and the appearance of changes in the raw 
EEG in out study is similar to the 10.2 seconds 
reported in other patients undergoing ICD place- 
ment 1 and to the occurrence, at 6.8 seconds, of 
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Fig. 4. The ratio of low frequency to high frequency power (DT/AB) for the C3-P3 channel plotted versus time during 
periods of ventricular tachycardia (VT) and ventricular flutter (VFL) corresponding toraw EEG data presented inFig. 3. 
unconsciousness and large-amplitude delta activity 
in human beings undergoing experimental rrest of 
cerebral circulation. 28 These small differences may 
reflect anesthetic effects, the number of FEG chan- 
nels analyzed, or simply qualitative variation in 
interobserver EEG interpretation. 
Consistent with the guidelines of the American 
Encephalographic Society, 37 the raw EEG record- 
ings contained an electrocardiographic trace. A1- 
though this introduces a potential source of ob- 
server bias because the EEG is interpreted without 
blinding to cardiac events, artifact from cardiac 
electrical contamination f the EEG may contribute 
to erroneous interpretation of the EEG (e.g., Fig. 
3). Inasmuch as others have observed changes in the 
raw and processed EEG during 80% to 90% of 
arrests a,4, 5 and EEG changes were evident in only 
60% of arrests in our study, it is possible that more 
restricted criteria for designating change were used 
in the visual inspection of our EEGs. Nonetheless, 
we consider this possibility to be unlikely because we 
observed EEG alterations lightly earlier during 
arrests than did other investigators. The age range 
of patients in our study is similar to those in others 
in which the EEG was examined uring ICD inser- 
tion.a, 3 However, the mean age of 47 years in our 
study is slightly younger than the means of 58 to 62 
years reported in other investigations. 1' 4, 5 Nonethe- 
less, we do not believe that this difference in mean 
age accounts for any disparity in the EEG results. 
Rather, we speculate that the generally shorter 
duration of arrests in our study accounts for the less 
frequent occurrence of ischemic EEG changes. 
During ICD testing, alteration in the processed 
EEG is ordinarily seen later 4' » and less frequently 2 
than in corresponding segments of visually inter- 
preted raw EEG. Our results suggest that using the 
ratio of low frequency to high frequency power 
(DT/AB) and the cusum procedure of continuous 
data inspection may be an effective scheme for 
automated detection of intraoperative c rebral isch- 
emia. However, as illustrated in Figs. 3 and 4, 
automated techniques of EEG interpretation are 
most reasonably applied as adjuncts to conventional 
visual inspection of the EEG, because they cannot 
reliably distinguish many forms of artifactual con- 
tamination from cerebral electrical activity. 38 
Perioperative neuropsychometric esting has been 
used to establish subtle evidence of "cerebral dys- 
function" in patients who have had cardiac sur- 
gery16, 39-42 compared with control groups having 
nonsurgical cardiac disease 42 or vascular sur- 
gery.a6, 42 In our study, no significant deterioration 
in postoperative neuropsychometric function was 
detected by either group rate or event rate analysis 
of the neuropsychometric scores. The 25% inci- 
dence of mild deterioration i orte or two neuropsy- 
chometric tests in our patients is similar to that 
reported in control populations, including patients 
who have had vascular surgery (31% to 36%) 16' 42 
and those with nonsurgical cardiac disease (20%). 42 
Age and extracoronary vascular disease have been 
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associated with poor neurologic outcome after car- 
diac operations. 43It is possible that elderly patients 
and those with cerebrovascular disease would simi- 
larly rare worse after multiple cardiac arrests for 
ICD implantation. However, because our study was 
not designed to examine these effects, elucidation of 
the specific roles of age and preexisting vascular 
disease on neurologic outcome in patients having an 
ICD awaits further investigation. 
We have found no neurophysiologic evidence for 
cumulative cerebral injury from brief repeated epi- 
sodes of circulatory arrest during ICD implantation. 
In addition, we have found no significant change in 
postoperative neurologic status as determined by 
standard neurologic and neuropsychometric testing. 
Our findings suggest hat ICD insertion and testing 
is not associated with permanent neurologic injury. 
We thank Eugene Pantuck, MD, for his assistance in 
editing this manuscript and Karen Buck, MS, for her 
assistance with the statistical analysis. 
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